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SUBJECT: Hickory Hollow Lake Dam (MO 31068) Fhase I Inspection Report

This report presents the results of field iInspection and evaluation of
the Hickory Hollow Lake Dam:

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non~emergency by the St. Louis
District as a result of the application of the following criteria.

1. Spillway will not pass 50 percent of the Probable Maximum
Flood without overtopping the dam,

2. Overtopping could result in dam failure.

3. Dam failure significantly increases the hazard to loss of life
downstream.
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PRASE 1 REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Hickory Ho'lcw Lake Danm

State Located: Missouri

County Located: Perry :
Stream: Tributary Goose Craek j
Dat2 of Inspection: 18 October 1974 2

The Hickory H-llow Lake Dam was visually inspezted by engineering :
personnel of Horner § Shifrin, Inc., Consulting Engineers, S8t. Louis,
Missouri. The purpocse of this inspection was to assess the general

condition of the dam with respect to safety and, based upon this

inspection and available data, determine if the dam poses a hazard to 1

human life or property.

‘The following surmmarizes the findings of the visual inspection and
the results of certain hydrologic/hydraulic investigations performed
' under th2 direction of the inspection team. Based on the visual

inspection and the results of the hvdrologic/hydraulic investigations,

or

the presant generzl condition of the dam is considered to be somewhat
less than satisfactory. The following deficiencies were noticed during
the inspection and are considered to have an adverse effect on the

overall safety and future operation of the dam:

1. The upstream face of the dam has a grass cover to protect the
slope from erosion. A grass covared slope is not considered
adequate to prevent erosion by wave action or by fluctuaticns of
the lzke surface level.

2. A dense cover of small-to-medium size trees and brush that may

P contain animal burrows exists on the downstream face at the
center and left sides of the dam. Several large willow trees
are present within the reservoir area just upstream of the left

side of the dam. -, Tree roots and animal burrows can provide

-~
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nascagewavs for seepage that could dewclop into a viping
condition (progressive internal erosion) that can lea’ to
failure of (he dam.

3. At the time of the inspection tne turf cover on the upstream and
dewnstream faces of the dam was aprroximately 3 feet high.

Uncut grass con the dam is an irdi-ation of lack of regular
maintenance.

4, Frosicn, apparently due to storm water runoff, has created a
small gullev aporoximately 3 feet deep and 8 feet wide at the
intersection of the downstream s.de of the dam and the right
abutment. A cmall 31ough approzinately 1.5 feet high and 5 feet
wide, also exists at the downstream face near the right side of
the dam, Continued 2rosion and sloughing of the embankment

could be detrimental to the stability of the dam.

According to the Ownar, since construction of the dam, the lake has
experienced problems with excessive leakage, ac evidenced tv the
inability to maintain a stable lake surface level. At the time of tha
inspection, the ilake level was ahout 30 feet below the spillway crest and
apreared to be stable. Judaing by waterline marks visible across the
upstream face of the dam, it appeared that the lake has heer 2t least 10
to 12 fee* higher than the present level within the last vear or so. An
exanination of the area imuwediately downstream of the dam and within tre
original srream channel for a distance of about 400 feet from the den,
did not disclose any evidence otf seepage, although it is pocsible that,
with a higher luake level, seepage not noticeable at the time of the
inspection, may be evident. At *this time, it does not appear that the
leakage problem the lake is experiencing poses a hazard to the safety of

the dam.

According to the criteria sct forth in the recommended guidelines,
the maagnitude of the spillway design flocd for the Hickorv Hollow Lake
Dam, which is classified as intermediate in size and of high hazard

potential, is specified to be the Probable Maximum Flood (PMF). The




—

Probable Maximum Flood (PMF) is the flood that may be expected from the
most severe combination of critical meteorologic and hvdrologic

conditions that are reasonably possible in the regfon.

Results of a hydrologic/hydraulic analysis indicated that the
existing spillway is inadequate to pass lake ocitflow resulting from a
storm of PMF magnitude. The svillway is adequate to pass lake outflow
resulting from the 1 percent chance (100-year fregquency} flcod aad lake
outflow corresponding to about 10 percent of the PMF. According to the
St. Louis District, Corps of Enginears, the length of the dowrstream
damage zone, should failure of the dam occur, is estimated to te
approximately six miles. Within the possible damage zone are State

Highwav N, five dwellings, and several other buildings.

A review of available data did not disclose that seepage or stabilixy
analyses of the dam were parformed. This is considered a deficiencsr and

should be rectified.

It is recommended that the Owner take the necessary action in the
nzar future to correct or control the deficiencies and safety defect.

reported herein,
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PHAS™ 1 INSPETTION REPORT

NATIONAL DAM SAFETY PROGRAM

H1CXKORY HOLLOW LAKE DAM - ID. NO. 31063

SECTION 1 - PROJECT INFORMATTON

NERAL

—
i~
(%}
1

2. Authority. The National Dam Ingpecticn Act, Public Law 92-367,
dated 8 August 1972, authorized the Secretary of the Army, through the
Corps of Engineers, £o initiate a program of safety inspectisn of dams
throuchout the United States. Pursuant to the abeve, thz St. Louis
District, Corps of EZngineers, directed that a safstv inspuction of the

Hickory Hollow Lake Dam be made.

b. Purpose of Iaspection. The purpnse of this visuai inspection was

b

to make an asressment of the general condition of the dam with respect to
safetv and, based upcn available data and this inspection, determine if

the dam poses a hazard to human life or propertv.

c. Evaluation Criteria. This evaluation was performed in accordance

with the "Phase I" investigation procedures as prescribed in "Recommended
Guidelines for Safet. Inspection of Dams," Apvendix D in "Report of *he
Chief of Tncinecrs n the National Program of Inspection of Non-Federal

Dams, " dated May 1975,

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Hickory Hollow lLake

Dam is an earthfill tvpe embankment rising approximately 49 feet above
the original stream bed. The embankment has an upstream slops (above the
waterline) of 1v on 3.3h, a crest width of about 12 feet, and a

downutrear slooe of lv on 2.2h., The lerngth of the dam including the

1-1




spillway section i5 approxirately 760 feet. An unpaved road traverses
the dam crest crossing the spillvav channel just downstream of the
~enterline of the dam. A plan and profile of the dam is shown on Plate 3
and a cross-section of the dam is shown on Plate 4. At normal pool
elevation the reservoir impounded by the dam occupies approximately 43

acres.

The spillway, a trapezoidal secction founded on earth, is cut iato the
hillside at the right (south) abutment., The bottom width of the spillway
channel varies from a minimum of about 4 feet at the dam where a wood
bridge crosses the channel, to approximately 8 feet at a location just
downstream of the bridge. A narrow, approximately 2.5-foot high earthen
berm on the left side of the channel serves to confine spillway flow to
the outlet section. The spillway crest, or high point of the channel
invert, was found to b2 located apdroximately 200 feet east (downstream)
of the dam centerline. Downstream of the spiliway crest the channel
maintains an castwardly course for about another 200 feet, then by
following the contour of the hillside, it turns to the southeast
continuing for about another 300 feet before terminating at a small pond
that lies in the adjacent valley. A profile of the spillway outlet
charnel bejinning at the lake and extending 200 feet downstream of the

crest is shown on Plate 3.

b. Location. The dam and lake are located on an unnamed tributary
of Goose Creoek, approximately 2 miles ncrth-northwest of the Town of
Silver Lake, Missouri, and 1 mile south of State Highway N, as shown on
the Regional Vicinity Map, Plate 1. The dam is loceted in the NW 1/4 cf
the NW 1/4 of Scction 25, Township 35 North, Range 9 East, in Perry

County.

c. Size Classification. The size classification based on the height

of the dam and storage capacity, is categorized as inte-inediate (Per

Table 1, Recommended Guidelines for Safety Inspection of Dams).




d. Hazard Classification. The Hickory Hollow Lake Dam, according t»
tha St. Leouis District, Corps of Fngineers, has a high hazard potential,
meaning tlat if the dam should fail, ther. may be losc of lite, serious
damage to homes, extensive damages to agricultural, industrial and
commercial facilities, important public utilities, main highways, »r
railroads. The estimated flood damage zone, should failure of the dam
occur, as determined by the St. Louis District, extends approximately six

miles Jownstream of the dam. Within the possible damage zone are State

Highwav N, five dwellings and several other buildings.

e. Qwnership. The lake and dam are owned by Howard Davis. Mr.

Davis's address is: 425 North Highway 61, Perryville, Missouri 62775.

f. Purpose of bDam. The dam impounds water for recreational use.

g. Desiqgn and Construction History. According to the Owner, Mr.

Davis, who constructed the dam while doing business as the Koward Davis
Construction Company, construction of the dam was started in 1963 and
completed in 1964. Mr. Davis also reported that the dam was constructed
without the benofit of any formal engineering design data, although Mr.
Mariorn Clark, an agricultural engineer, formerly with the Agricultural
Engines2ving Department, Extension Division, University of Missouri at
Columbia, now retired, provided some assistance in the form of advice

regarding the proportions of the embankment.

h. XNormal Operational Prccedire, The lake level is unregulated.

1.3 PERTINLNT DATA

a. Drainage Area. The area tributary to the lake is essentially

undeveloped and in a native state covered with timber. There are several
dwellings and other buildings adjacent to the county road at the west

side of the drainage area as well as a house trailer and several
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buildings along the hillsile just west of the lake. The watershed above
the dam amounts tc approrimately 350 acres. The watershed area is

outlined on Plate 2.

b. Discharge at Dawsite.

(1) Estimated known maximum flood at damsite ... None¥*

it - S

(2 Spiliway capacity ... 92 cfs (W.S. = Elev. 638.9)

c. Elevation (Ft. above MSL). The following elevations were

determined by survey and are bhased on topographic data shown on an
advanced copy of the 1580 USGS Percyville NW, Missouri Quadrangle Map,
7.5 Minute Series.

{1 Top of dar ... 638.9 (min.)

(2) Ton of spillway berm at dam ... 638.5

(3) Norral pool (spillway crest) ... 636.3

{3 Streambed at centerline of dam ... 59C+

(5! Maximum tailwater ... Unknown

d. Reservoir.
{1Y  Length at normal pool (elevaticn 636.3) ... 2,70C ft.

i2)  Length at maximun pool (elevation 638.9) ... 2,900 ft.
e. Storage.
(*) Normal pool ... 712 ac. ft.

(2) Tovo of dam (incremental) ... 118 ac. ft.

f. Reservoir Surface.

(1) XNormal pool ... 43 acres

(2) Top of dam (incremental) ... 6 acres

9.  Dam.
(1) Type ... Earthfill, homogeneous**
(2) Length ... 760 ft.

*According to the Owner, the level of the lake has never reached the

spillway crest.
**per Owner




(6)

(M

Height

Top width ... 12

a.

b. Downstream

Upstream ...

50 ft.

tt.

v on 3.3h

v on 2Z.2h

Cutoff ... Clay core*
a. width .., 10-12 ft.
b. Depth 6-8 ft. (max.)

Slove protection
a, Upstream ..

b. Downstreoam

Principal Spillway.

Type ...
Location ...
Crest ...
centerline)

Approach channel

Outlet channel

Uncontrolled, broad-crested,

. Grass

Grass

Right abutment

... Lake

... Trapezoidal section,

1v on 2h side slopes.

Emergencyv Soillway.

h.
(1)
12)
(3)
(4)
(5)

i.

j.

Lake Drawdown Facility. ...

None

None

* Per Owner,

trapezoidal

Elevation 636.3 (200 ft. downstream of dam

8 ft.

i
i

section

hottom width,




SETTION 2 - ENGINEZRING DATA

2.1 DESIGN

No engineering data relating to the design of the dam are known to

exist.

2.2 CONSTRUCTION

No formal records were maintained during construction of the dam.
According to Mr. Davis, the Own2r and builder of the dam, a ccre %rench
approximately 10 te 12 feet wide and A to 8 feet deep at the old stream
bed, was excavated along the centerline of the dam across the valley.
Mr. Davis reported that the trench was carried to solid rock and that the
rock surface was swept clean prior to backfilling the trench. Material
used to fill the trench and conrstruct the embankment, approximately
124,000 cubic vards, was obtained from the hillside at the left abutmant
and from the area to be occupied by the lake, with about 75 percent of
the fill being taka2n from the hill areca. The Owner also mentioned that
compaction of the fill was obtained by runninc the rubber-tired earth
moving eguivment over the £ill, and that a single compaction test taken
during construction of the embankment indicated the fill to be more dense
than the adjacen: undisturbed material. The Owner stated that the dam
w23 closed at the location of the 0ld streambed, and some minor
settlement, on the order of 3 inches, of the dam crest has occured at
this location. The upstream and downstream sides of the dam were
constructed to minimum slopes of 1lv on 3h and 1lv on 2h, respectively.

Mr. Davis also reported that the spillway was originally intended to be 4
feat deep and 12 feet wide; however, it was not constructed as wide as

planned.

2-1 i




2,3 OPERATION

According to the Owner, the lake has experienceld severe leakage
throughcut its entire life. It was reported that in about 1965 an
attempt was made to seal the lake by filling with concrete a crevice that
existed in the lake bottom; however, this attempt was unsuccessful as the
reservoir continued to leak uncontrollably. According to the Owner, the

lake leaks so badly that the lake has never reached the spillway level.

An engineering geologic report on the lake site dated June 8, 1976,
reference Charts 2-1 and 2-2, was prepared by Mr. Thomas J. Dean,
Geologist, with the Missouri Department of Applied Engineering & Urban
Geology. 1In the report Mr. Dean reviews the lake leakage problem and the
efforts made by the Owner to seal the lake bottom as well as the recults

thereof.

The report points out that lineations on asrial photographs indicate
a vertical joint running essentially east-west across the lake area, a
sinkholes on the ridge east of the lake, and at least one additional joint
line that trends southeast by northwest crossing the basin at
approximately the area where the original collapse of the lake bottom
occurred. The techniques used to find lineation (joints, cracks) as well

as the likelihood of finding them are also discussed.

After mentioning that a compacted clay pad placed on the lake bottcnm
would be only partially successful, Mr. Dean states that the leakage
prcbably can only be remedied by uncovering the joints to determine their
direction and then cutting off the flow of water above the lake
waterline, and assuming that water leaving the lake through these joints
could travel in several directions, a joint crossing the lake should be

plugged on both sides of the lake.

In conclucsion, recommendations are presented for implementing a

method of uncovering the joints in the lake bottom and for sealing the

joints once they are exposed. Mr. Dean maintains that the most practical
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way of determining the location of the joints would be by using a

bulldozer and that the joints, once found, could he sealed by grouting.

2.4 EVALUATION

a. Availability. Engineering data for assessing the design of the

dam and spillways were unavailable.

b. Adequacy. No data available. Seepage and stability analyses
ccmparable to the requirements of the "Recommended Guidelines for Safety
Inspection of Dams" wera not available, which is considered a
deficiency. These seepage and stability analyses should be performed for
appropriate loading conditions (including earthguake loads) and made a

matter of record.




SECTION 3 - VISUAL INSPECTION

3.1 FINDIUSGS

a. Genzral. A visual 1inspection of the Hickory Hollow Lake Dam was
made by Horner & Shifrin engineering personnel, H. B. Lockett, Civil
Engineer and Hycdrologist, 7. K, Deddens, Geological Engineer, and A. B.
Becker, Jr., Civil and Soils Enjineer, on 18 October 1979. An
examination of the dam site was also made by an engineering geologist,
Jerry D. Higjins, a consultant retained by Horner & Shifrin for the

purpose of assessing the arca geclogy. Also examined at the time of the

inspecticn, was the area below the dam within the potential flood damage
zone., Photographs of the dam taken at the time of the inspection are
included on Pages A-1 cthrough A~4 of Appendix A. The loca%tions of the

photographs taken during the inspection are indicated cn Plate 3.

b. Area Geologv. The dam site {s located on the eastern flank of
the Ozark Uplift on Ordovician-age sedimentary rock. In thne area of the
dam, the Jefferson Citv-Cotter formation is exposed at the sarface and
dips gently eastwarid. The formaticn i3 composad of light brown tc brown,
medium to finely crystalline dolomite ard argillaceocus dnlomite. Some
sandstone beds and chert nodules are present in the formation. The

residuum is a tan to brown, chertv and silty clay. Beldrock !s exposed

along much of the shoreline, along a ditch on the upstream side of the
left abutment, ani at the right abutment. The bedrock 1s well bedded and

contains soiution-weathered opben joints (open 1 to 2 inches in some

P

cases). The most prominent joints trend ¥3°E and N80°E. The
solution-weathered bedrock is exposed in the reservoir and avpears to

allow water to move out of the immediate vicinity along joints and

bedding planes. It appears that the lake leaks to the extent that the
water level is maintained several feet below the highest hedrock

exposures in the reservoir.




The abatirents are noderately sloping, compesed of a thin veaeor of
ciav rasidaum overlving dolemite and caniatone ovedrock.  The 3lopoes

appear stable, and no reepage was coident,

No severe erosion, saenaje problems, or adverse geolojic conditions
that would te conducive te dam fallure wore ohcerved. How:ver, leakage
2f watetr along weatherad joints and bedding planes in rock exposed in the
reservolr has seriously influenced tre water storage capacity and the

performance of thre facility.

€. Dan, The visible portions of the upstream and downstrean faces

o]

f the dam (see Phntos 1 and 3) apoeared to be in scund condition,

although a small slough approximately 1.5 feet Jeeon ani 5 fa2t wide wacg

Q

bserved in the downstream face near the toe of slope at the riaht side
of the dam. Erosicr, 3ppar:n:tly by stormwater runoff hes createl a sma’l
qulley approximately 3 feet deep and 8 feet wiie at the iunction of the
dovnstrean side of the dum and the right atutment. The upstrzam face of

the dam had only turf cover %o prevent erssicn; hcowveve

~

noticed. A dense cover of small-to-medium size trees and brush covered
the downstream face it the center and left side of the dam, and secveral
targe willow trees were observed vithin the reservoir area jost upstrean
ot the left side of the dan. No misalignment or cracking 2f the 1an
crest (see Photo 2) was evident. No signs of seepage was observed in the

areas exanined adjacent to the downstrean toe of the dam or within the

cld streambed for a distance of about 40C feet ho2iow the dam.

A sarvev of the soillway channe! indicated that +tho invert ~igh 2oint
(crest) 1s locatad avoroximateiyv 200 reet eacst (downstream) of the Jdam
centerline, and that the channel is nearly level between the dam and the
crest and for 3 distance of about 200 feet downstream of the orest,

Along the alignment of the dam, a bridge made of timber (sece Photo 4)
crosses the spillway channel. At the bridge crossing the channel was
found to be approximately 4 feot wide, whereas dowastream of the bridge,
the channel (see Photos 5 and 4) widens to abocut & feet. The left bank

of the channel (sec Photo 7) consists ¢f a narrow earthen berm
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arorroximately 2 to 2.5 feet high and abuit 5 feet wide at the top.  The
outlet chann:l arpearad to be in satisfactory con?ivion, altrksuzh only &
gras:s cover serves to oratece the bank: from erosion b lake outilow.

d. Downstream Channel. Tne channel downstream of the dam is

unimproved and extends approximately 2.5 miles before joinira Goose
Creak. State Highway N crosses Goose Creek, at a point abont 3 miles

below the dam.

e. Reservoir. The area adjacent to the lake Is for the most part in
a natural state and wooded. Several dwellings and small buildings may be
found on the hillside west of the lake. The lake water surface elevation
at the time of the inspection was about 30 fect belocw ncrmal pool,
exposing nuinerous rock outcroppings on the cast and west sides of the
lake. As previously indicated, see paragraph 2.3, the lake has
experienced problems with excessive leakage throughcut its life time.
The amount of sediment within the2 laks conld not be determined at the

time of the inspection, however it i; beliaved not to be significant.
3.2 EVALUATION

The deficiencizss observaed during the inspection anid noted hercin, are
not considered of significant importance to warrant immediate remedicl

action. Tt is advisable, however, that the Owner address the problem of

trees and undergrowth on the upstream and dewnsiream faces of the danm.




GZITION 4 - OPTRATIOND L PROSEDURES

1.1  PROCUDURES

The rpillwzy is uncontrollszd.  The wvater surface level (3 governed by
precipitatioy runocif, ewvarnrat:icn, feepaje, leakage, and the capacity of

the urcontrollsd spillwa'’,

4.2 MAINTENANCE OF DM

With the excertion of the dense growth of hrush and trees that exist
on the downstrearn face 2t the conter and 1oft side of the dam ard =ome
erosion at the junction of the Jdownstream clope and the right abutrent,

it appears that the structare is reasonably well maintainad.

4.3 MAINTENANCE OF OPERATINT FACILITIES

No cperatiny facilitieos eoxist at this dam,

4.4 PCFSCRIPTICN QF ANY WARNING SYSTEM IN EFPDOT

The inspactiorn did not reveal the existence of a dam warning svstem.

4.5 EVAIUATION

Reqular maintenance of dam features is congidera2d bens ficiil &0 the
cverall safety of a dam. 7T: is recommonded for futare reference that
records be kept of all maintenance work verformed. Considering the
remedial work performed in an attemnt to =eal the lake bottom, it would
be desirahle to have a record of the exact location or locations where
rebairs were made as well as an acciarat> description of the conditions

encountered and the work peri{ormed.




SECTICN 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design of Data. De-ign data are nct available.

b. Experience Data. The drainage area and lake sirface area were
determined from an advanced copy of the 1980 USGS Perrvvilla NW and 1959
USGS Parker Lake, Missouri, Quadrangle Maps. The proportions an?d
dimersions of the spillway and dam were developed ifrom surveys made
during the inspection. Records of rainfzall, streamflow, or fionod data
for the watershed were not available.

Not withstaniing the fact that the reservoir leaks severely or that

the lake level has never recched the gpillway crest {according to the

cr

Owner), the analyses of dam overtopping raported herein are hased 21 a
starting lake surface levasl at normal nool. It is noted thxit in the
report orepared by Mr. Dean, reference Chartc 2-1 and 2-2, a statemsnt 13
macde that "during wet weather, the laksz backs up bevond its normal pool

level with 2 rarid lowering of the water laval to a relatively stable

c. Visual Observations.

(1) The s5villway consists of a trapezoidal saction cut into the
hillside at the right abutment.

{(2) A small timber bridge crcsses the spillway channel at the
dam. At the bridge location, the spillway channel has a pottom width of
about 4 feet, downstream of the bridge the bottom width is about 8 feet.

(3) The chann2l invert is nearly flat with the high point
(crest) occurring at a location approximately 200 feet downstream of the

center of the dam.




(4% A narrcw reorm approximatsly 2.5 feet Ligh serves to confine

’
£low to the channel and protect the dam,

{5) No emergency spillway or lake drawdow:n facilit =g are

provided.

d. Overtopping Potential. The spillway is inadeguate to pacns the

probable maximum flood or 1/2 the probable maximum flood without
overtopping the dam. The spillway is adeauate, however, to pass the 1
percent chance (100-year freguency) flood without overtoppinjg the dam.

£
The results of a dam overtopping analysis are as follows:

Max. Depth of Duraticn of
Q-Peak Max Lake Flow over Dam Dvertoppinag of
Ratio of PMF OQutflow (cfs) W.S. Elev. [(Elev. 538.9) Dam (Hours)
0.10%* 95 638.92 0.02 1.0
0.50 4,317 649.8 1.9 11.1
1.00 9,073 641.8 2.9 3.0
100-Yr. Flood 69 638.7 0.0 0.0

Elevation 638.9 was fcound to be the lowast point in the cdam crest.
The flow safely vassing the spillway just prior to overtopping was
determined to be approximately 92 cfs, which amounts to about 10 percent
of the probable maximum flood inflow. This flow is greater than the
outflow from the 1 percent chance (100-year freguencv) flood. Daring
peak flow of the probable maximum flood, the greatest depth of flow over

the dam is projected to be 2.9 feet and overtopping wiil extend along the

entire length of the dam.

e. Evaluation of Overtopping Effect, Experience indicates that the

soil used to build the dam, a cherty, brown silty clay, can, under
certain conditions, such as high velecity flow, be very erodible. For
the PMF condition, when large lake outflow with corresponding high
velocities occur both at the spillway and over the top of the dam; and

since the depth of flow overtopping the dam, (2.9 feet maximum) and the

*To nearest one-hundredth,




duration of flow 2ver (ne lan "13.92 aoursd, iare substantial; serious
damage by erosion dus to overtopning »f the dam is likely. The extent of
these damages 135 not predictable, however, there is the possibility that

they could result 1n failuare »f the dam.

f. Refarences. Proceldure: and data for determining the probhable
maximum flood, thae 1C0-year frequency flood, and the discharge ra2ting
curve for flow passing the spillwa2v and dam crest are presented on Piges
B-1 and B~-2 of the Appendix. Listings »f tne HEC-1 (Dam Safety Version)
input data for both the probable maximum flood and the 1l0-year frequerncy
flood ar= shown on Pages B-3 and B-4 of the Apoueondix. A copy of the
computer output table entitled "Summary of Dam Safety Anzlysis" is
presented on Fage B-5 and the inflow and outfiow nhvirographs for the
probable maximum flood are shown on Page B-6 of th2 Appendix. A rating

curve of the spiliway is presented on Plate 6 and arca-storage curwves for

the reservoir are shown on Plate 7.




SECTION & = STEUICTURAL STARBILI™TY

5.1 EVALUATION OF STRUCTURAL HTABILITY

a., Visual Nbservotionsg, Visual observations of conditions which

veraely affect the ctructural stapility of the dam are discussed in

Secti 3, paragraph 3.1lc.
b. Design and Constructicon Data. No desijn or construcrion data
relating to the structurel stability of thne dam are known to exist,

Seepage and stabilicy analwvses crirparable to the requiremonts oF the
"Recommended Guidelines for Safety Inspection of Dams" were not
available, which is considered a deficiency. Thore zaepage and stabilisy
analvses snould bhe parformed for appropriate loalina conditions

{including earthauake loads) and made a matter of record.

c. Op~rating Records. No appuartenant structires or facililier

requiring operation exist at this Jan. The Owrer did report that the
lake level has never reached tne spillweoy crest ard trhat the dam cresc

hiz settled approximazely 3 inchoe at the losaticon of the o1d streanmbed.

d. Post Constructicon Chanages, The Owner alrso reported that ro pnst

construction changes hiave been made or have occurzel which would affect

the structural stabiltity of the dam,

e. Seoismic Stability. The dan is located within 2 Zone 17T seismic

area. Ar e2arthquake of this magnitude would not gencraliy be expected to
cause csevere structural damage to a wel! constructed carth dam of this
sive. However, it is recommended thuat the prescribed seismic loading for

this zone be appliad in anv siability analvses performed for this dam.




e
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SECTION 7 - ASSESSMENT /REMEDIAL MFA3URES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that the spillway is
capable of passing lake outflow of about 92 cfs without the level of the
lake exceeding the low point in the top of the dam. 2 hydrologic
analysis of the lake watershed area, as discussed in Section 5, paragravh
5.1d, indicated that for storm runoff of probable maximum flood
magnitude, the lake outflow would be on the order of 9,073 cfs, and that
for the 1 percent chance (l0C-year frequency) flood, the lake outflow

would be about 69 cfs.

Iterms noticed during the inspection that could adversely affect
the safety of the dam include lack of adequate erosion protection at the
spillway and along the upbstream face of the dam as well ac the dense
cover of brush and trees that exist on the downstrean face near the

center and left side of the dam.
Seepage and stability analyses of the dam were not available for
review and therefore no judgment could be made with respect to the

structural stability of the dam.

b. Adeqacv of Information. Due to lack of design and construction

data, the assessments reported her~in were based on external conditions
as determined during the visual inspection. The assessment of the
hydrology of the watershed and capacity of the spillway were based on a
hydrologic/hydraulic study as indicated in Section 5. Seepage ang
stability analyses comparable to the reguirements of the "Recommended

Guidelines for Safety Inspection of Dams" were not available, which is

considered a deficiency.




C. Uraency. FExcept 1s noted herein, th: izems concerning the saferty
of the dam noted in ;aragraph 7.12 and the remedial rea. ure: recomn-nded

in paragraph 7.2 should he accomplished in the near future. Tha item in

paragraph 7.2 regarding additional spillway capacity should ba puarsued

without undue delay.

d. Necoessity for Phase IT. Based on tho results of the Phase T

——

inspection, a Phase 1T investigation is not recommended,

¢, Seismic Stabilitv. The dan is Jocated within a Zone 11 seizmie

area. An earthguake of this nagnitude would not generally be expected to
cause severe structural damace to a well constructed carth darm of this
size. However, it is reconmended that the prescribed seismic loading o

this zone be applied in any stability anizlvses performed for this Zam,

7.2 REMEDIAL MEASURES

a. Recommindations. The following actions are recomn nided:

(1) Based upon criteria set forth in the recormmended
guidelines, spillway size and/or height of dam siould bo increasad to
pass lake outflow resultinag from a storm of probable maximum Flood
magnitude. In either case, the spillway should be protocted *o preent
erosion,

{2) Obtain the necessary soil data and perform dam seepagc and
stability analyses in order to determine tho strustdral stability of the
dam for all operational conditions. Seepage and stability analvses
should be performed by a qualified professional onainerr excerienced in

the design and construction of dams.

b. Operations and Maintenance (O & M) Procedures. The following O &

M Procedures are recommended:

(1) Provide some means of preventing excessive leakage fror the

lake basin.




o

(2V  FProvide seome form of protection particularly along ths left

bank (dam =ide) of the outlet charrael in order to preve ¢ ercsion Ly lake
outflow,

(3) Provide some form of protection other than avaas £or the
upstream face of the dam at and above the normal waterline in order to
prevent erosion. A grass covered clope is not conzidered adeguate

protection to prevent erosion by wave action or by a fluctuating lake

level.
(4) Remove the trees and brush that may conceal animal burrows
from the downstream face of the dam., Tree roots and animal burrows carn

provide a passageway f{or lake seepage that cculd lcad to a piping
condition (progressive internal ercsion) and subsequent failure of the

dam. The removal of trees should be performed under the direction cof an
engineer sxperienced in the design and construction of oarth dams since

indiscriminate clearing can jeopardize the safetv of the dam. The

existing turf cover rhould be restored i{ destroved or missing. Maintain
the turf cover on the sloves at a height that will rot lLinder insnection

of the slope or provide cover for burrowing animals.

(5) Provide maintenance of all areas of the dam and s¢ on
“hege fearures of in

a reqularly scheduled basis in order to inzure

satisfactory operational condition.
(A} A detailed inspection of the dam should be ingtituted on a
reqular basis by an engineer experienced in the design and construction

of dams. 1% is also recommended, for future reference, that records e

kept of all inspecticns made and remediial measures token.
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FGTRFERING GFOLOGIC REPORT OP THZ HOWARD DAVIS LAFR 8118 (/&) . o7

.

PERRY COUNTY, MIS30URIL
LOCSTION: NZk, MBY, NEW, Section 26, T. 33 N., R, O R,, Parker Lake Quulrangle.

re than ten years agn, impounds only ceveral acxcu of watey
z,w..u:? o:.::;xi:toltnmm center portion of the laks basin. The danm, appmg.luuly
50 fset high, reportedly filled to approximatoly % of its {intanded volumo hefoxa
rapid leakage through the bottom of the lake Began to take placa. Ongcvering of
porticns of the lake bottom rovealed a vertical opening in the bedrock (join%) that
accepted large cuantities of watay. An attespt was mads to bulkhesd cff the 4oints
rrd othsr.ise f£11 then with concrets. Tha attacpt wes at loast partially & fallure,

turing wet waathar, the lake bacxa uyp beyond {ts ncawal jeal Jeve) with a ingtd
lovering of ths water lavsl to a relativaly statlo vadftisn,

rine tions cn zarial photocraphy {ndicate a variicsl “oirnt mrning essantlaily
cast-west from a point at the trafiler house direct’y east f{nto the .ulley wall on
tha east side of the lake. A sinkthola is prisent un the rldge Al -ctly east of the
lake on the same lingmant, The photography indicatazn A%t lesst wrae more linamant
cordng froa the scuthcast trurding northwest throuch t'n bottcm of the basin at
arproximately the arca where the original collapses tock pleca. These linspents
cannot hs sesn out of ths lake basin to the northwast or weat,

Water fron the lake is reported to amerve at a spring §n the northaast part
of Section 10, T. 34 N,, R, 9 B,, to the north aof this area approximately ¢ or 3%
niles., Merlial photography is not available for the arsa to the north or to the
ocast so additicnal dslineation of the linaments is not posuible,

Various tschniques are known to find linsations in thin soil areas by the usgo
of radar imagery, tharmal imagery, etc, Whare tho woil becnmnu thicker, such as out
of the lake aroa, thess tachniques would probably not be usaful, Probing with drili-
ing equirmont to try and find the direction of the larga cracks or joints would be
time consuming and expensive, Por the most part, tha i2ints would hawe a rock ocap
of varying thickrnass and ths joint itaalf would normelly ba only several faet in

width lecreasing with depth, Proling with Arilling equipmant conld mins thoese
vortical fesatures readily.

Pa34ing with compaoted clay would only be partially suz essful as watar coming
down the vellsy can canily get underneath tha Bad or ths pad can easily ~ollapse
into norrow volds thet may now be pressn, The lea"agn protably can only he rermdied
by witovering the joinus to determine thair dimvcticn and tr.:a cutting ol¢ tha flow
of watar ghova tha watcr liue of the lake, N polnt of watsr emercanc. auch ag the
rpring to Lhe north 13 not neccsaarily an indication nf diraation of watir pvexant
~mt of the lake basin., The water is thourqht to move t9 tha want of the lako for soms
“igtance. The wator then woves into the gystem rocharjing springe ®o tiis ner*h and
as cuch probatly does not repreasent a travel direction from the lake. A hig, head
of watux guch as 40 to 5C feet ({f tho lake wore full) would probably all.ow water to
movae in %everal directions rather than in onhe 4direction imAer the lrw haa! now
presant., For this reason, the joints would neod to he plugood on efithnr side nf
the lake assiming tho joint ¢rnsses the lake,




/,ﬂ""mvu Lake Sita -2- Perry County, MO

/ RECOMENDATIONS :

1. It {s rcoompandad that duzring a period of low water in the lake that a
bulldozer be employsd to remove tho dirt material from tha lake bottom in the
viocinity of the oollapses to uncover the joint to a point shexrs a direoticn of the
Joint or joints can be datarmined. The &irt could be pushod from south to the nmorth
to creats a tosporary dam hetwaen the joint system and the existing lake body and/or
the water of ths lako ooul. he drawvn down 5 to 10 feet to whers only a srall pool
exists. When the bedrock has boen axposed and the joints or other openings identi-
fied as to locazion, then a 4rilling and grouting program oould be set uy to cut
off the water flow, The flow ig i{nitially vertical but probadbly rapidly chancges
to a lateral vatar movemant of shallow depth (20 ~ 30 feet),

SUMMARY

In sumpary, no known practical meana of pinpointing the joint pattarn in the
lake basin is known, Wnoovuring of the joint with a bulidosar or other oquipment
would in all probability be the mont practical method of datarmining whers the
Joints are and at what point thay move out of the lake basin. A grouting progran
could then be employed to jntercapt the horizontal movemsnt of waterx.

Thomas J. Dean, Gaologist

Applied Engineering & Urban Geology
Geclogy & Land Survay
Juno 8, 1976

TJIDibh

901  Howard Davia, 425 N. Highway 61, Perxyvills, MO 613775
Soil Congoxvation Service, 10 5. Main St,, POD 323, Perryville, MO 63775

;'.-:A ' Chart 2-2
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NO. 1: UPSTREAM FACE OF DAM

NO, 2: CREST OF DAM FROM LFFT ABUTMENT
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NO. 3: DOWNSTREAM FACE OF DAM

NO, 4: BRIDGE ACROSS SPILLWAY APPROACH CHANNEL '
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SPILLWAY CHANNEL LOOKING DOWNSTREAM FROM BRIDGE
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HYDROLOGIC AND HYDRAULIC ANALYSES
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HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. Tne HEC~1 Dam Safety Version (July 1978, Mcdified .6 February
1979) program was used to develop inflow and outflow hydrographe and dam

overtopping analyses, witii hydrologic inputs as follows:

a. ®rohable maximum precipitation (200 sg. mile, 24-hour value
equals 26.5 inches) from Hydrometeorological Report No. 33. The
precipitation data used in the analysis of the 1 percent (100-year
frequency) flood was provided by the St. Louis District, Corps of

Engineers.
b. Drainage area = 0.86 square miles = 550 acres.
Cc. SCS parameters:

Soil Group B = 100 percent
Soil type CN = 80 (AMC III, PMF condition)
= 63 (AMC 1I, 100-yr condition)

Lag Time = 0.60 (T_.) = 0.15 hours
¢ 11.91.3 )0.385

Time of Concentration TC = ( i

Where: T = Travel time of water from hvdraulically most
distant point to point of interest, hours
L = Length of longest watercourse, miles

H = Elevation difference, feet

2. As indicated on the spillway channel profile on Plate S, the
crest of the spillway (elevation 635.3) was found to be located
approximately 200 feet downstream of the centerline of the dam. ‘The
critical section for determination of flow in the spillway channel was
assumed to be located approximately 200 feet downstream of the crest.
The left bank of the outlet channel adjacent to the dam was found to be

approximately 2.2 feet higher than the spillway crest. Spillway releases




greater than 52 cfs wore found £o overtop the <ha nel bank at the dam,
For lake outflow greater than 52 crf3, spillway releases were assuaed to
be equivalent to the flow pas3sing the outlet channel plus the flow
overtopping the channel bank., Flow overtopping the channel bank was
determined for various deptns correspondiag to flows in the chanrnel with

depths greater than the top of ban< level,

Spillway release rates were determined asz follows:

a. Spillway section properties (area, "2" ani top width, "t") were
comouted for various depths, "d."
b. It was assumed that Zlow passing the sopillway would occur at

critical depth. Flow at critical depth was computed
as (¢ :(3%3)0‘5 for the various depths, "d." The

water surface profile corresponding to the critical Aepth va

et

5

<

-

()

was determired by conputer using conventional backwater profil

techniquss.

c. Static lake levels corresponding %o the various flow values
pPassing the spillway and over the bank werz caomputed as thn
depth of flow 1in the channel at the dam (4! plus critical
velocity head (d + ch)‘ and the relatiacrship between lake
level and spillw.uy discharge was thus obtained. The procelure
neglects the minor insigrificant friction losses across *+he

length of th= channel bkank.

d. Spillway discharge values for equal elevations were selected for

entry on the Y4 and Y5 cards.

3. The profile of the dam crest is irreqular and flow over the dam
cannot be determined by conventional weir formulas. Crest length and
elevation data for the dam crest proper were entered into the HEC-1
Program on the $L and the $V cards. The program computes internally the
flow over the dam crest and adds this flow to the flow passing the

spillway as entered on the Y4 and YS cards.
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SAFETY AMALYSIS

SUMMARY CF Dat¥
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HICKORY HOLLOW LAKE
PMF INFLCW & OUTFLOW
HYDROCGRAPHS

Horner 8 Shifrin, Inc, Nov. 1979
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